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ABSTRACT 

Three type it r<ac+ . . ^ 

C , TAG («ael) 

- - ■ ■ ■ ... V A C G T (Maell) 

. . with the sites of cieav^f *' N A C * (Maelll) . 

' Se^^S^^ These-: 
virus a M0. NA ; ° f PBR32 2/? f ^l^^g-^ > 

INTRODUCTION '/''V JV , : ' \: 9." ' 

■< r* 2 ^ -~ etoolsin 

^ r9e nUmber °f restriction end ^ C aCld m ^es. Although 
r:^ > ' " *-* Scribed' 

: ??r the presence of restrict^ ^ ^"^ er ° f ^^nic bacterid 
leolicus PL-15/H „ i0n end °n«cleases. In Meth^ 

" — u 15 /H r a new archaebacte^ i 1 . - ethanogf> ^"T 
elsewhere ( K .o. stetter, i„ 

.-striction enz^es with dlf ^T ' ^ ^ three,, \ 

this conununicatibn we report S ! Specific *ties. 1. 

of these en 2yro es which ha^n^T^ Nation, 
*nce with the Prop osal of ^ re ^ ltlon sequences. i n accord . 
^ese restriction ~F**» ^si^ed \ 

S 38 Maen, and Maein 

Bacterial culture , '■ ' 4 : -Y> ' 

Werlun ^.aeolicus PL-15/H hel 
" ■ "I! ^ WH belongs to the order 



6 mL ^ u ™^ 
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methanococcales as determined by its mornh , ~~ : 

specificity, the cc content of I ^ Z ^J'^ 

envelope (k.o. stetter, to be published, Ce iL Pr ° t6ln ^ 

anaerobically at 45°c for *k Als *ed, . Cells were cultured 

with ,.s. formate and Tj* ^ ' 

trifugation. in ■ the stat *°nary phase by cen- 

Bnzymes a nd DNAs 

DNA polymerase I (Klenow enzyme) and restrict ' ' - 
products of Boehringer Mannheim (FRG) pBR322 dna * W 
from an E.c^/^- bac k gr 0 und .J . 
trifugation as" described n™, ■ CsCl-EtBr. equilibrium cen- . 

»Y Boehringer MannKeL ^ y ^ -re supplied 

Enzyme assay 



Routinely, 1-5 u l saraples „, „ _ 
*"»•"«» -re incited with , *"* Pre[ >" atl °» icpW. 

. incubation „i«ure l"^" 22 »" '» " ul of the , 

or ,„« J, ' ' Tr "°" .« »0«„»aCl 

- were incubated at if 11 ! ~ " ,C1 • 

« "am). respective^' Reac^L ~ " "* ^ • ttrfx' 

,0.01s brompheriol blue) Ola.,-.' .60 W EDTA , , 

,: i re,i 5 „n „ a g 'a rose £ o oH » *>■ electropho- 

. I U? /ml. ethidium bromide ^^ 2 >- > - : 

* two passages SS^ 1 ™"""*' .«* ^sruptedit , : ; 
in 2 - II. resulting ho.ogenate ZT , ^"" °° U " »/ 

,<BAsr. LuoVigshafen, i^, so ^° £ ' " »■«•■«"/»> »oly»i» r 
-oved by centrifugatio, (60 ^i„ ^ '° " in " ^ «- 

fractionation of the supernatant . % " 9) " """"i- sulfate 
and partially Bjel, at 60 , 4 C Palpitated most of Mael 

rest o, jjaexx ~ .. sat °*«" Ur " 1 °" an * — * of mui 
°* each by a m * Ua i*£t£ . "S?" ™" 
2SS» Present i„ bott " " « < ** " *■».- 

- ra °" 0nS "l«.trt in parallel by sub- 
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*ne two precipitates 

t4o «, Iris _ Bcl> ~» IT1T 1 " dissolv d in 10,0 

"on. jtaex and Maeu fractions i * , bUf£er f °* el - 

fractions from ^" ate " e ' Md ■ - "St" 

factions „ f ; both rt „,^ ^^^'W— — ■ «*. Mae!, 
• pools that .contained Mae* 2lr,^ ™* resalti "9 free 

P«i«ed oy £ r. ctl onatlL on J^sel ™ d ■ 

Phamacia,, e q „Ui br ated 11— « Ut^oc,. ,, 

gradients. E „ zyine activities .erf ? usi »9 0-1 « Nacl- linear 

0.,,5-0.: 3S HaC1 " ^ 7" 6lUtea « 0.,-0.3 M N.C1 ,„,»!,. 

"«•*• *«ive frac^ons'were : «^»>* , 

-buffer and fractionated ^ZTl »».■ ' 

:f were el„ted..at 0. 4-o. S „ „ acl "'ff ^aie,ts ; : Bnz)*, activities, . 

vmltted. to S-finaL fractional *' ~ £SS " 1 ttere "•<*- " <i 

" « S „, Phar^dar^plZ o'lT"" ^ ^ 

^X^^lnear^radien^^" "f 1 <S**" or 0-1 .5 „ „aci . 
« 0.4-0.6 M Nacl . ^"f"' =«» activities .appeared,;. 

«r 4 Wa^st ^ragelu J^'iT? ^ = 
O.I M EOT*,; WWs-.ircapto.Clr IT S " HC1 ' }.■ . 

.oaroi, o.o* ; ^,:: Jrltot !~;* »««. SO. . (v/y^i - . ; 

«na stored at T 2o°c. ■": '. ? »M exchanged every hour \ 

Starting, from 35 q of cell. * " ' "' <>'-■ ; 

•'.^•^ «i^^'/ t0 .C*^ , ?f e -~» vthe fono.- : 

end .95 units of Maelii on^ ? 330 nnits of Kae!!, 

at cle,veff%-^ 2 r^^T ned " 
conditions... : . ' P T por "°ur under optical assay 

Nucleotide sequences >, h,. , 'J 
-ording tc m „l ,„od . . ^ 
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Table 1 



M 9C1 2 (niM) 
NaCl (mH) 

P-mercaptoethanbl (inM) 
PH (50 mH Tris^ci^f|?c, 
Temperature (°C^\^ft' 



RESULTS 



Mae I 

12-18 
250 
6-12 
' 8.0 
45-48 



Pendent on Mg** lo„i bM *1 ' thr ° e * n **" e! ' are strictly de- 

n>ercaptcothanol determined foH^H ^ ° f "^V «<■ B - 

The recognition sequences of sael ' ~~ ' '- V "~' 

tenUnea by ^appin, ^ w . trl ^.**" ^ Htt"! were de- . 
Pl«»id of known DNA sequence ^7^f sites on p BIU22 , , 4 .3 63 bp 
*W "strictlonienfyJi T wtf - ' 

signed to search for new restrict!^ "sit W ^ r W?,de-: : 
, «1 WPing data (P.s. Needier " ' J" 0 " ^ 
palindrome sequences have ^ ^^T^^ ' ^ i 
•SSI. ACGT for Ha^II^and GTNAC f„r» " ^ ,OT ^ 

of the four nucleotides ^ * teK ,l '«-* for any. 

°ined (Pig., and Tabi'ri, rTtT , j * t&U > deter- 



Maell 

2-6 
175 
2-8 , 
8.0 
45-48 : 



Maein 

10-18 
350 
0-20. 
8.0 
45r48 ; 
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Table 2 Number of cleavage sit^TZZ " 

in varipus DNAs itSS ° f SS restriction enzyn.es 




The cleavage -sitW^j^ ei , ; ■ ' ^-^V 

essentialiy as described ^McCo^el 1 were : determine^: 

PBR322 containing convenient^ l I ' ^ " F ™*«ents of ~~ 

labeled at one ^ ^^riction sites were 

(6, . In each JL e " se ;n nCed ^1^ ' 

^^^^^ ^d frag ment , ; 

electrophore^^^ ^ 
; « of the V ^^^^ 8e ^ e ladder, A ;cp,pa^m 

, :^v ; -w,,v gen ^ rate d by- Mae digestion in?^ A 



--'■'■EcoWT-i .- ; 
4363/0 ■ " ' 
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Mael 

V 5 



Moel MaeUT 

11? 



Alul 



475 bp 



5'- y » « 

H,ftfI A ' UI 330. 



A* 3' 



arrows. Numbers refe^S ^ eStri ? tlon sites I re Lawl!**^ 0 ' 

: sequence . 7 - , ; , • ^ 

The 517 bp and »)6 bo HinfT » ' ^ 
were isolated fro „ a „ ,f ^" '"f" 3 1 « = », p BB322 (7 .„ 

■>»* polymerase I and [a- 32 P l-dATp 9 ?.' 3 '' lab ' Ui * Klenow 
. . ™=> and then cleaved with Alul" JiT BnChl «' B»un,=hwei,. 

a* : ith ^^m^- 

• "W»«y ■oatfl«d and' cleavea »„ *^K£«-f MgMat.. .ere one, ,, , 
resed in paraxial to toS^^'^"* «- »lectropho- 

representing a c <Fig « ^VB Se908 — the fr, g - 

temlnal c as a! consequence^ ^Jf'"*"" 11 * 1o « ,»V-. 
therefore ends • with tkeX^ ClMva « e <« and 

T-resldue. Mael ^ I 1^TS> ^ f^" 1 ** ~* 3 " 
sequence like C*TAG s,„ ■ ° etBee!n - T "? c in the recognition 
two cleavage .l^ W^ f^***- appl y to the otier : C 
SS» fraglnt S&J" ^ x^" ^ and 4C, The Hinf 1/ / v/, 
tide A (P Ig . 4B , '"A>e>|L>'«h i afe " W9ether Wlth 

"■us bating ^e cl, v ^ ge "r 2 " reC<Witl °I MqUe "« 
Saul iraoment ,C J T-mW" ^ C WW "» HaW 
'*>G"). the S'-nearl; ' il —*»*«.««* « A <Fi,.4c, 

ottac: «, us i a :: t^: 5 ^f smreco9nitiM 

■suence, lifce^SraAc. C 5 J" de ? £ a '^ recognition -se-' . . . 
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Discussion ' 

Three restriction endonucleases with „„„, 
bee- separated and purified f " OVel 3 Pecificlties have 

to the in vitro activity »*«UM »-'*/■. According 

K£« appeals * whereas MaeH 

«ed as type li restriction .^T' T' e " Zi ™ 3 "ere classi- 

<ependence on ^1^?" °" in9 " »«* 

methionine the ^^tH « »> «- 
, that are also the substrates lot 7, recognition sites. 

? ni,e the ^ tetra^^S^ .T*^ 

ly. with the sites of cleave., „U and. A'CGT, respective- 

recognition seouence of ClTcL"? '* «'•■«'—'■. 

1» the center of the etherise oT , * "" >ndefl "« i nucleotide N 
and is cleaved next to Le 5" f " W, 
produce 5--protrudl»g . fT*^^ -- ^ e " 2 ^ s 

labeling and useful for clonij ^ ~ f ^"tati„g } . 

_ ,th. cultivation of ^.ajolic^ under strictlv 

ditions and the separatlon^T^ enU ""^""erobicl con-,,, -„-. 
. °™» "S«l» are; soiwhat tedious^ ] *** activities fro- 

; ensyies has ... Wei sequence 2ec», T ^ ^ ^ « - 
-ful for elucida^ing^tr^B^^^ Potentially 
especially interesting. , iMe it'cleaSs IT T' ^' 
sources at substatistiof . "eaves DBAs of eubacterial 

- speculate -at^Tse^'^ » « « " ' • 

rare in these DMAs and that res'trHP ° CentM1 T * We ; .... ... ... 

*ng specificities had t>«^^.7"~;'*« : 
evolution. o„ .the other hand ^h'e selective "advantage ' in ; 

tain, the „be r codon *™ con- 

cleaves before every fourth S ? statistically Mjel 

other t» endonL^ea oSvetl T" ^ ^ «' «> «ae I( ~ 
ote origin with about the frT™ . * P'okaryote and eukary- 
recognlse ^ ^ ^ 

^.aeolicus, the source of the new^restricw 
been classified a. an archaeh... ? restriction enzymes, has ... 

"shed,. Archaebact^tn" ff^' * " '"^ 
and differ in -any respects ^ ^ « «W of organic 

zymes have been also detected i- ™ ° U Restriction en.. 

- U the -^ndentlrchaeb^r^ ■ 
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ali these e^I^ tu^Tou^r; ""^s^ ' 

terial en 2ymes (1, P.McWiUils ^ * iS ° SChi — of eubac- 

^ of „ael, Md ^ s ^ e s ^^^^^ ^ f ^ 

courage syste mat ic screening of oSf'^ 2 ^' h ° W6Ver ' Shoul <* en- 
which raay reveal ^tuj?£££ strains; 
specificities. restriction endonucleases with novel 
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□ 1: X95670 H.sapiens DYPD gene, partial PubMed, Protein, Related Sequences, Taxonomy, OMIM 
sequence 

LOCUS HSDYPDGEN 854 bp DNA PRI 17-FEB-1997 

DEFINITION H.sapiens DYPD gene, partial sequence. 

ACCESSION X95670 

VERSION X95670.1 GI: 1246752 

KEYWORDS dihydropyrimidine dehydrogenase; DYPD gene; exon X; mutation. 
SOURCE human . 

ORGANISM Homo sapiens 

Eukaryota; Metazoa; Chordata; Vertebrata; Mammalia; Eutheria; 
Primates; Catarrhini; Hominidae; Homo. 
REFERENCE 1 (bases 1 to 854) 

AUTHORS Vreken, P. , Van Kuilenburg, A. B . , Meinsma,R., Smit,G.P., Bakker,H.D., 

De Abreu,R.A. and van Gennip,A.H. 
TITLE A point mutation in an invariant splice donor site leads to exon 

skipping in two unrelated Dutch patients with dihydropyrimidine 
dehydrogenase deficiency . ^ 
JOURNAL J. Inherit. Metab. Dis . 19 (5), 645-654 (1996) ? 
MEDLINE 97047101 '}i 
REFERENCE 2 (bases 1 to 854) \ z 
AUTHORS Vreken, P. g 
TITLE Direct Submission ^ ■' 

JOURNAL Submitted ( 14-FEB-1996 ) P. Vreken, Academic Med. Center, Univ. of 

Amsterdam, Dep of Pediatrics and Clinical Chemistry, FO-224, P.O. w . 
Box 22700, NL-1100 DE Amsterdam, NETHERLANDS |4 
COMMENT • Related sequences:- ?'| 
Meinsma et al, DNA Cell Biol. 14:1-6 (1995), U20938, and Yokota H. ^ 
et al, J. Biol. Chem. 269:23192-23196 (1994). 
FEATURES Location/Qualifiers ./ 

source 1 . .854 

/organism="Homo sapiens" 
/db_xref="taxon: 9606" 
/chromosome="l" 
/map="p22" 

/ 1 is sue__type=" liver" 
intron <1 . .568 

gene 569. .734 

/gene-"DYPD" 
CDS ' <569..>734 

/gene="DYPD" 

/EC_number="1.3.1.2" 

/note="exon X" 

/codon_start=2 

/product="dihydropyrimidine dehydrogenase (NADP+) 11 
/protein id=" CAA64 973 . 1 " 
/db_xref="GI: 1246753" 
/db_xref="SWISS-PROT:Q12882" 

/translation="DIVTNVSPRIIRGTTSGPMYGPGQSSFLNIELISEKTAAYWCQS 

VTELKADFPDN" 
exon 569. . 734 

/gene="DYPD" 
variation 725 
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NCBI Sequence Viewer http://www.ncbi.nlm.ri ih.gov :80/entr^^..cleotide&list_uids= 12467 5 2&dopt=GenBank 

; 

/gene="DYPD" 
/ replace="c" 
intron 735. .>854 

variation 7 35 

/note="changes the splice donor sequence and leads to exon 
skipping" 
/replace="a" 
BASE COUNT 301 a 126 c 130 g 

ORIGIN 

1 aaagtgaata tatagttata atcctataag 

61 ctgttaatgg ttgatgagcc agtaatacta 

121 ggagttactt ttttcagaaa aaaaaaatat 

181 agttaaacta tgatgggaga tacctagatt 

241 tacctatcat atttttatta tttaattgca 

301 gagtgttaat gaatataaat atttttattt 

361 agtaatttag ctaaagctaa caaatacttt 

421 ttcaattcta atttaatgta tattaaaaat 

481 taaaatatgt catatggaaa tgagcagata 

541 gagactcaat atctttactc tttcatcagg 

601 tccggggaac cacctctggc cccatgtatg 

661 agctcatcag tgagaaaacg gctgcatatt 

721 actttccaga caacgtaagt gtgatttaac 

781 tgaatgttta tttaaacatc caattcatag 
841 aaagaatctg ccag 

// 
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taatttgaca 
atattattcc 
aaacttttta 
aaatagacag 
tacaaattaa 
ttgcgctatt 
attttacctt 
tcctctgcaa 
ataaagatta 
acattgtgac 
gccctggaca 
ggtgtcaaag 
atctaaaaca 
gcttataaat 



taaccagttt 
ttccttcact 
ctaacattaa 
aaatgataaa 
aatgagtatg 
ctaaacctag 
ttatttgcaa 
aaatgtgaga 
tagcttttct 
aaatgtttcc 
aagctccttt 
tgtcactgaa 
agagaattgg 
attaatgtgt 



attagaatgt 
gatttacatc 
ttcttattgg 
ctttgcattt 
ccctaaatgt 
aattacaaga 
gtagtttatg 
agggacctca 
ttgtcaaaag 
cccagaatca 
ctgaatattg 
ctaaaggctg 
cataagttgg 
atattttatt 
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